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INTRODUCTION 

According t o  a r ecen t  r epor t ,  an es t imated  31 b i l l i o n  pounds of e thy l -  

ene was produced i n  the  U.S. a lone  (1). Ethylene i s  an important raw 

mate r i a l  i n  the  vas t  p l a s t i c  and polymer markets.  An upward trend i n  the  

demand f o r  e thylene  has been predic ted  f o r  t h e  f u t u r e  years .  Curren t ly ,  

e thylene  is produced mainly through thermal and c a t a l y t i c  hydrocracking of 

ethane and o the r  hydrocarbons. Although a l a r g e  amount of work has been 

performed on the  production of gaseous and l i q u i d  f u e l s  from c o a l ,  much 

l e s s  a t t e n t i o n  has been focused on the  production of e thylene  using coa l  as 

the  raw mate r i a l .  In  an on-going py ro lys i s  research  p ro jec t  a t  t he  Brook- 

haven Nat iona l  Laboratory,  the  methods t o  inc rease  the  y i e ld  of e thylene  

through f l a s h  methanolysis of c o a l  is  being inves t iga t ed .  F lash  methanoly- 

s i s  i s  def ined  a s  py ro lys i s  of c o a l  under p re s su re  i n  an  atmosphere of 

methane. This study a t tempts  t o  i d e n t i f y  the  in f luence  of important pro- 

ces s  va r i ab le s  such as  r e a c t i o n  temperature,  gas  p re s su re ,  s o l i d s  res idence  

t i m e ,  g a d s o l i d s  r a t i o  e t c .  on the  production c h a r a c t e r i s t i c s  of e thylene  

and o the r  py ro lys i s  products.  
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EXPERIMENTAL 

Much of the  work d iscussed  i n  t h i s  paper was done us ing  a New Mexico 

sub-bituminous coa l .  Other coa l s  of ranks varying from l i g n i t e  t o  bitumin- 

ous were used f o r  comparison purposes.  These inc luded  North Dakota l i g -  I 

n i t e ,  Wpodak i i g n i t e ,  Montana Rosebud sub-bituminous and I l l i n o i s  no. 6 

bituminous coa ls .  The proximate and u l t ima te  ana lyses  of these  coa ls  a r e  

g iven  i n  Table 1. 

T h e  methanolysis experiments were c a r r i e d  out i n  a h ighly  instrumented 

down-flow en t r a ined  tubu la r  r e a c t o r .  The r e a c t o r ,  made of Inconel  617 al- 

loy ,  is heated e l e c t r i c a l l y  by fou r  clam-shell type hea te r s  and designed 

f o r  a maximum pres su re  of 4000 p s i .  The d e t a i l e d  d e s c r i p t i o n  of t h e  

des ign ,  cons t ruc t ion  and ope ra t ion  of the r e a c t o r  has been published ( 2 ) .  

The schematic r ep resen ta t ion  of t h e  complete r eac to r  set-up is  shown i n  

Figure 1. Coal p a r t i c l e s  of 150 pm o r  l e s s  i n  d iameter ,  mixed with 10% by 

weight of Cab-0-Sil, are fed by g r a v i t y  a t  t he  r a t e  of approximately 500 

grn/hour i n t o  the  top  of t h e  1-in.-i .d.  by 8-ft-long r eac to r .  Methane is 

preheated t o  6OO0C be fo re  feeding  i n t o  the  tubu la r  r eac to r  held at i s o -  

thermal cond i t ions  along the  l eng th  of the r e a c t o r  a t  t h e  temperature of 

i n t e r e s t .  The gas samples could be taken from any one of t he  four  sample 

t aps  loca ted  a t  2 - f t  i n t e r v a l s  along the  length  of the  r eac to r  and analyzed 

v i a  an on-line GC. Products  heav ie r  than BTX (>Cg) a r e  c o l l e c t e d  i n  the  

water-cooled condensers and analyzed sepa ra t e ly .  The ind iv idua l  product 

y i e lds  are determined a s  percent  of carbon contained i n  the  feed coa l .  

/. 

RESULTS AND DISCUSSION 

Pyrolys is  of coa l  a t  temperatures h igher  than  6OO0C gene ra l ly  r e s u l t s  

i n  the  formation of l i g h t  hydrocarbon gases ,  oxides of carbon, BTX and 

t a r .  The product d i s t r i b u t i o n ,  however, depends on the  coa l  type ,  t he  pro- 

ces s ing  cond i t ions ,  t he  py ro lys i s  atmosphere and t h e  method of hea t ing .  
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A survey of the  recent  r e sea rch  l i t e r a t u r e  on coa l  py ro lys i s  and the  compo- 

s i t i o n  of var ious  py ro lys i s  products is a v a i l a b l e  ( 3 ) .  T r a d i t i o n a l l y ,  t he  

py ro lys i s  of coa l  has been c a r r i e d  out  i n  H2, H e ,  N2 o r  CO atmospheres; A r ,  

H20 and Cog have a l s o  been used i n  a few ins t ances .  Except the  previous 

r epor t s  from our l abora to ry  ( 4 ) ,  the  py ro lys i s  of coa l  i n  an atmosphere of 

methane, t o  our knowledge, has not been documented i n  the  l i t e r a t u r e .  The 

main i n t e r e s t  i n  t he  use  of methane as t h e  py ro lys i s  medium l i e s  i n  the  

f a c t  t h a t  f o r  hydrogenation of coa l ,  a l a r g e  resource  of n a t u r a l  gas can be 

used i n  the  place of hydrogen which h a s  no known n a t u r a l  sources .  

The f l a s h  methanolysis of N e w  Mexico subb i tuminous  coa l  a t  tempera- 

t u r e s  higher than 7OO0C, produced s i g n i f i c a n t  q u a n t i t i e s  of CO, e thy lene ,  

BTX and tar; smal l  amount of Cog a l s o  was de tec ted .  Methane produced due 

t o  pyro lys i s  of coa l  could not be d i s t ingu i shed  from the  en t r a in ing  methane 

gas .  I n  order t o  determine the  ne t  production o r  consumption of methane, a 

c a l i b r a t e d  mass flowmeter w a s  placed on the  methane i n l e t  t o  t he  r e a c t o r ;  

t he  experimental  set-up a l r eady  contained a c a l i b r a t e d  p o s i t i v e  d isp lace-  

ment meter a t  t he  r e a c t o r  o u t l e t .  The mole percent of methane i n  the  pro- 

duct-laden gases was determined v i a  GC ana lys i s .  The methane and t o t a l  gas 

flow da ta ,  at s t eady  r e a c t o r  ope ra t ing  cond i t ions ,  are shown i n  Table 2 f o r  

s eve ra l  runs .  The d i f f e r e n c e  between the  methane flows, ca l cu la t ed  from 

the  l imi t ed  da ta  a v a i l a b l e  and shown i n  the  l a s t  column of Table 2 ,  i nd i -  

c a t e s  a neg l ig ib l e  ne t  consumption or production of methane wi th in  the  l i m -  

i t s  of combined experimental  e r r o r s  which has been es t imated  t o  be approxi- 

mately *5%. 

A t  900°C and 50 p s i  t o t a l  gas p re s su re ,  21.4% of carbon i n  t h e  feed 

coa l  was converted t o  products of which approximately ha l f  w a s  made up of 

ethylene.  Table 3 

shows t h a t  t he  t o t a l  carbon conversion tends t o  inc rease  with pressure  up 

t o  200 p s i  before f a l l i n g  of f  t o  a lowest l e v e l  of ZO.O%C a t  500 p s i .  The 

decrease i n  t o t a l  conversion a t  500 p s i  is mainly due t o  t h e  decrease  i n  

the  y i e lds  of CO and e thylene .  There is very l i t t l e  v a r i a t i o n  i n  the  y i e l d  

The remaining products were BTX (2.9%C) and COX(8.5%C). 
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of C02 as a func t ion  of p re s su re .  The sepa ra t e  curves f o r  BTX and t a r  

y i e ids ,  i n  F igure  2, go through a maximum and minimum respec t ive ly  a t  2CC 

p s i .  An inc rease  i n  t h e  methane pressure  had an adverse e f f e c t  on t he  eth- 

ylene y i e ld .  A t  h igher  p re s su res ,  t he  hydrogenation of e thylene  t o  produce 

ethane is f a c i l i t a t e d .  

Table 4 shows the  e f f e c t  of r e a c t o r  temperature on t he  methanolysis 

product d i s t r i b u t i o n  and i l l u s t r a t e d  i n  F igure  3. There i s  a marked 

increase  i n  the  t o t a l  carbon conversion with inc reas ing  temperature;  t h i s  

i s  mainly due t o  a pronounced inc rease  i n  the  y i e l d  of e thylene  and BTX. 

A s  high as 12.7% carbon was converted t o  e thylene  a t  1000°C and approxi- 

mately 9% w a s  converted t o  BTX. In c o n t r a s t ,  py ro lys i s  i n  i n e r t  helium 

atmosphere produced only  2.2% e thylene  and 7% BTX under the  same condi- 

t i ons .  Thus, a t  1000°C, 5-6 times g r e a t e r  y i e l d  of e thylene  is  produced 

during f l a s h  methanolysis when compared t o  helium pyro lys i s .  When the New 

Mexico c o a l  was pyrolyzed in t h e  atmospheres of He o r  N2 or  CO, the  maximum 

y ie ld  of e thylene  ob ta inab le  a t  50 p s i  was approximately 6% and as shown i n  

Figure 4 ,  t he  maxima occurred around 900°C. A comparison of the  maximum 

y i e l d s  of e thylene  shows t h a t  more than twice the  amount of e thylene  is 

produced in an atmosphere of methane than any o the r  py ro lys i s  atmosphere's 

i nves t iga t ed .  The e thy lene  y i e l d s  from methanolysis experiments were some- 

what c l o s e r  t o  e thy lene  y i e l d s  from pyro lys i s  in o t h e r  atmospheres up t o  

80C°C. A t  temperatures h ighe r  than 800 OC, only methanolysis experiments 

recorded a continued inc rease  i n  the  y i e l d  of e thylene  with increase  i n  the  

r eac to r  temperature.  Th i s  c l e a r l y  i n d i c a t e s  the  e f f ec t iveness  of methane 

atmosphere f o r  enhanced y i e l d  of e thylene  during py ro lys i s  of coal.  Sever- 

a l  blank runs ,  in t h e  absence of c o a l ,  confirmed t h a t  r e a c t o r  walls do not 

ca t a lyze  the  decomposition of methane t o  form products ,  inc luding  e thyl -  

ene. Blank runs with p y r o l y s i s  char ,  coconut char  and Cab-0-Si1 add i t ive  

a l s o  showed no format ion  of e thylene  under t h e  same cond i t ions .  

.*  

I n  a d d i t i o n  t o  the  e f f e c t  of temperature and p res su re ,  the e f f e c t  of 

methane t o  coa l  feed r a t i o  on the  methanolysis product d i s t r i b u t i o n  was 

inves t iga t ed .  The r e s u l t s  are shown i n  Table 5. In these  experiments, t h e  
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methane feed r a t e  w a s  he ld  almost cons tan t  while varying the  coa l  feed 

r a t e .  This t a b l e  shows t h a t  an inc rease  i n  the  methane to  c o a l  feed r a t i o  

f avor s  the  production of e thylene  and BTX a s  wel l .  However, t he  e thylene  

concent ra t ion  i n  t he  product stream fol lows  an oppos i t e  t rend  as seen  i n  

Table 5 .  The maximum concen t r a t ion  of e thylene  ob ta inab le ,  under the  con- 

d i t i o n s  inves t iga t ed ,  is s l i g h t l y  over 2% and the  dependence of e thy lene  

concent ra t ion  on the  coa l  feed r a t e ,  r a t h e r  than on the  methane t o  c o a l  

feed r a t i o ,  is apparent .  

Using the  da ta  i n  Table 5 ,  a l i n e a r  r eg res s iona l  a n a l y s i s  w a s  made t o  

descr ibe  the  r e l a t i o n  between the  ind iv idua l  product y i e l d s  and the  meth- 

ane /coa l  feed r a t i o .  The following express ions  were obta ined:  

%C ~ 2 ~ 4  = 2.39 x + 3.11; R2 = 0.90 

%C H.C. G~~~~ 2.57 x + 3.05; R2 = 0.91 

xc BTX = 1.89 x + 1.30; R2 = 0.94 

% C  ~ ~ t ~ l  H.C.  = 4.46 x + 4.36; R2 = 0.93 

cox = 0.67 x + 3.89; R2 = 0.63 

%C ~ ~ t ~ l  con,,. = 5.98 x + 6.90; R2 0.90 

where x = methane/coal feed r a t i o  and R2 = t he  c o r r e l a t i o n  c o e f f i c i e n t .  

The r a t h e r  low c o r r e l a t i o n  c o e f f i c i e n t  f o r  COX is a t t r i b u t e d  to  e r r o r s  

occas iona l ly  encountered i n  the  measurement of CO dur ing  on- l ine  GC analy- 

sis of the product gases.  

The enhanced y i e l d  of e thylene  i n  f l a s h  methanolysis experiments pro- 

bably has a f r e e  r a d i c a l  o r ig in .  An abundance of thermal f r e e  r a d i c a l s  

from coa l  a t  e leva ted  temperatures f a c i l i t a t e s  t he  decomposition of methane 

t o  produce methyl r a d i c a l s  which can lead  t o  the  formation of e thy lene ,  

probably with an ethane in te rmedia te ,  as follows: 

R. + CH4 -) RH + CH3. (2) 

CH3. + CH3. - C2H6 ( 3  1 
C2H6 -> C2H4 + H 2  ( 4 )  
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High temperatures favor  r e a c t i o n  (4) i n  the  forward d i r e c t i o n  as wr i t t en .  

Other f r e e  r a d i c a l  r e a c t i o n s ,  l ead ing  t o  the  formation of h igher  hydrocar- 

bons and heavy m a t e r i a l s  a r e  a l s o  poss ib l e  which might expla in  the  increas-  

ed l i qu id  product y i e l d s  i n  these  experiments.  Since no ne t  consumption of 

methane w a s  no t i ced ,  i t  i s  reasonable  t o  assume t h a t  (1) a pa r t  of e thylene  

comes from coa l  due t o  thermal  e f f e c t s  as i n  the  case of s t r a i g h t  i n e r t  

helium gas  py ro lys i s  and (2)  t h e  remaining e thylene  comes from t h e  methyl 

r a d i c a l s  genera ted  from c o a l  which would have been converted t o  methane i n  

helium pyro lys i s  v i a  autohydrogenation e f f e c t .  I n  o the r  words, methane, at 

high concen t r a t ions ,  causes  p a r t  of t h e  c o a l  r a d i c a l s  t o  form e thylene  

ins tead  of methane. The methane formed from coal  appears t o  be i n  balance 

w i t h  t he  reac ted  methane gas .  For example, a t  1000°C and 50 p s i  helium 

pressure ,  t he  t o t a l  hydrocarbon gases y i e ld  was 10.9% (5.5% CH4 + 5.4% e th -  

ylene) which compares w e l l  w i t h  12 .1% t o t a l  hydrocarbon gases  (l2.O%C2H4 + 
O.lXC2H6) i n  Table 5 under an  i d e n t i c a l  gas to  coa l  feed ra t io .Thus  i t  i s  

seen t h a t  methane 2-28 as a s h u t t l e r  i n  methanolysis experiments.  

Table 6 summarizes t h e  r e s u l t s  of f l a s h  methanolysis of o the r  coa ls  

under i d e n t i c a l  t empera ture  and pressure  condi t ions .  D i f f i c u l t i e s  were 

encountered i n  c l o s e l y  c o n t r o l l i n g  the  coa l  feed r a t e s  dur ing  some exper i -  

ments a s  a r e s u l t  of which the  methane t o  coa l  feed r a t i o s  could not be 

kept uniform i n  a l l  ca ses .  A t  t h i s  t i m e ,  it is not known whether t he  

e f f e c t  of methane t o  coa l  f eed  r a t i o  on t h e  methanolysis product d i s t r i b u -  

t i on  from these  coa l s  is s i m i l a r  t o  what w a s  seen i n  the  case of New Mexico 

sub-bituminous coa l .  Apparently,  t he re  is no c l e a r  t rend  in t he  y i e lds  of 
e thylene  o r  BTX with r e s p e c t  t o  t h e  c o a l  rank. Cor re l a t ion  of the  da t a  

with v o l a t i l e  ma t t e r  c o n t e n t ,  f ixed  carbon o r  ash conten t  a l s o  d id  not 

revea l  any t rend .  For example, a comparison of t he  da t a  from the  two 

l i g n i t e s ,  ob ta ined  under similar r e a c t i o n  cond i t ions ,  i n  Table 6 ,  shows a 

wide v a r i a t i o n  in t h e  producer y i e l d s  d e s p i t e  t h e  f a c t  t h a t  t h e  proximate 

and u l t ima te  ana lyses  of t hese  coa l s ,  i n  Table 1, do not show any remark- 

ab le  d i f f e r e n c e  between them. The change i n  the  product d i s t r i b u t i o n  



between different coals might then be due to important structural differ- 

ences among the coals. This is supported by the recent findings of Calkins 

who was able to correlate the pyrolysis ethylene yields to polymetheylene 

Contents of coals successfully (5). 

CONCLUSIONS 

We have shown that there are definite advantages in the use of methane 
as an atmosphere in the flash pyrolysis of coal. At temperatures higher 

than 800OC, 2 - 5 times greater yields of ethylene is obtainable in methane 
atmosphere when compared to flash pyrolysis in an inert helium atmosphere. 
An enhancement in the yield of ethylene and BTX is seen at a lower coal 

feed rate. Since ethylene and BTX are important raw materials in the vast 
polymer and plastic markets, flash methanolysis of coal has potential pro- 

cess applications. 
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Table 2 

Mess Flovmetee Data 

Feed 
Run No. Pressure Temp. Uethane- Total Gasel  X Hethane Hethane- X Difference  

( p s i )  (OC) 1" 0" t in t h e  0"t in 
(SCYIM1n)l (SCFIHin) e x i t  gases (SCPIHin) CHq Flow 

643(2) 20 1000 0.88 1.06 

6.$4(2) 50 1000 0.93 1.06 

6 5 0 0 )  50 900 1.00 1.10 

82 0.87 -1.1 

88 0.93 0 

88 0.97 3 .O 

1) SCF- Standard Cubic Feet  a t  15OC and 1 atm. 
2 )  New Mxieo subbi tuminous  cos1 
3 )  Montana Rosebud sub-bituminous coal 

Table 1 

Analyses (Ut%) of Coals Used 

__ 
North Ill. New Hontena 

wyodak Dakota No. 6 Hexico Rosebud 
Sub-bi t .  Lignite B i t .  Sub-bi t .  Sub-bi t .  

Moisture* 

Proximate Analysia 

Dry Ash 

Dry V.H.  

Dry PC 

Ult imate  Andy618  

Carbon 

Hydrogen 

Nitrogen 

Sulfur 

oxygen- 

3.0 9.6 6.83 7.8 9.1 

10.0 10.0 12.4 22.8 11.8 

43.8 46.2 30.5 34.9 46.8 

46.2 43.8 49.1 42.4 41.4 

55.3 59.0 68.8 55.9 67.7 

4.1 4.0 5.0 4.3 4.8 

0.9 0.9 1.2 1.1 0.9 

0.9 0.5 3.4 1.0 2.2 

14.9 12.6 20.8 25.6 9.2 

A8 r e c e i v e d ;  ** By difference. 
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Table 4 

Plash Pyro lys i s  of New )(exico Sub-Bituminous Coal with Hethane 
Ef fec t  of Reactor  Temperature 

Run NO. 

Reactor  Preaeure (ps i )  
Coal Peed U t e  ( l b l h r )  
Methene Peed Bate ( I b l h r )  
Coal P a r t i c l e  Residence Time (see) 
MethanelCoal Rat io  

Reactor  Temperature (OC) 
685 
800 

50 
1.01 
4.1 
1.5 
4.1 

683 
800 

50 
0.99 
4 .os 
1.5 
4.1 

683 
850 

50 
0.99 
4.05 
1.5 
4.1 

683 
900 
50 

0.99 
4.05 
1 .I 
4.1 

692 
900 

50 
0.90 
4.15 
1.5 
4.6 

692 
950 

50 
0.90 
4.15 
1.5 
4.6 

692 
1000 

50 
0.90 
4.15 
1.5 
4.6 

684 
1000 

50 
I .oo 
4 .os 
1.4 
4.6 

2 Carbon Converted t o  Product 
c2Hs 6.1 5.1 10.2 10.0 8.9 12.6 12.7 12 .0  

c2f16 0.5 0 0 0 1.1 1.1 1.2 0.1 

BTX 0.6 0.8 , 2.1 2.9 3.1 4.2 8.8 9.0 

u) 5.2 5 . 2  5.7 6.8 3.8 4.2 5.4 8.0 

COZ 1.4 1 .5  1.8 1.7 1.3 1.3 1.2 1.7 
\ 

1 

Table 3 

Plaah Pyro lys i s  of New Mexico Sub-Bituminous Coal wi th  Methane 
Effect o f  Gas Presaure 

Pun NO. 
Reactor Temperature (OC) 
Reactor  presaurs (p.1) 
Coal Peed Rate ( I b l h r )  
Methane Peed Rata  ( l b l h r )  
Coal P a r t i c l e  Peliidence Time (see) 
MethanelCoal Ra t io  

I Carbon Converted t o  Product  
C Z t h  
c286 
9 8 8  

Total Gaacous H.C. 

BTX 
>c9 

T o t a l  Llquid H.C. 

co 
coz 

TOt.1 cox 

S u b t o t a l  

Char 
T o t a l  

683 
900 

50 
0.99 
4.05 
1 . S  
4.1 

10.0 
0.0 
0.0 

10.0 

2.9 
m 

- 

6.8 
1.7 
8.5 

21.4 

HD 

- 

454 
900 
1M) 

1.22 
3.5 .. 
1 .8 
2.9 

8.3 
1.4 
0.9 

10.6 

3.4 
6.9 

10.3 

4.6 
1.7 
6.3 

27.2 

ND 

- 

- 

- 

451 
900 
200 

0.85 
1.0 
2.7 
4.7 

7.1 
3.9 
0 

11.0 

6.5 
5.2 

11.7 

5.5 
2.2 
7.7 

30.4 

ND 

- 

- 

- 

424 
900 
500 

1 .os 
5.6 
3.0 
5.3 

4.3 
3.5 
0 
7 .8 

3.6 
7.1 

10.7 

0 
1 .5  
1.5 

20.0 

58.7 
78.7 

- 

- 

- 

- 



Table 6 

r i m  P ~ ~ O I Y * I .  01 m a i s  . i t n  wthan. 
Ell.st 01 COD1 1 Y P  

W d a k  W t h  OaLOta 
L I p" I t. Llpnl*. - 

722 122 7 n  ~ J I  731 IJI 

M M M M W W  
900 950 1000 900 950 (OW 

0.93 0.93 0.9) 1.00 1.00 1.00 
1.85 3.85 1.15 4.1 4.1 4.1 
1.6 1.5 1.5 1.6 1.1 1.5 
4.14 4.14 4.14 4.1 4.1 4.1 

- 
I I I Inol .  IM. 6 Uontanl Rosmbud 1 

8 1 t m l " O U I  s v b s  I ?"m I"OY, 

720 im no 71 71 108 
900 950 1000 930 910 1000 
M 50 50 50 50 50 

0.60 0.60 0.60 1.45 ! A 5  1.45 
1.88 5.118 J.118 3.81 1.81 J.81 
1.6 1.5 1.5 1.3 1.3 1.1 
6.5 6.5 6.5 2.6 2.6 2.6 

I 

s carbon Dnr.rt.d to PmdUEt 

7.6 8.9 11.0 4.0 4.5 5.1 4.5 7.0 11.1 4.1 4.9 6.2 
4.6 6 .6  9.9 1.1 2 . 4 ,  1.9 1.2 .O 12.s J.2 

l e a l  H.C. 12.2 15.5 29.9 5.1 6.9 9.0 6.1 15.0 1J.9 6.0 7.5 10.1 

m 1.0 9.1 8.0 5.1 8.6 9.6 2.2 2.5 J.4 4.0 5.1 6.1 
5.0 4.7 1.0 4.9 5.9 5.2 0.1) 0.8 0.9 2.6 2.1 2.5 

12.0 IJ.8 11.0 10.6 14.5 14.8 L O  3.5 4.5 6.6 1.6 8.8 

g _ - -  

_ _ _ - _ _ _ _ _ _ - - -  

Table 5 

Plash Pyrolyaia of N e w  Plerieo Sub-bituminous Coal with Methane 
effect of UerhanelCosl Ratio 

Run NO. 

Reactor Pressure (psi) 
Coal Peed Rare (lblhr) 
Hethane Peed Rate (lbfhr) 
Cool Particle Residence Time (aec) 
nethanclcaal Ratio 

I Carbon Converted LO Produet 

ReaECoC Temperature (OC) 
684 

1000 
50 

1.0 
4.05 
1.5 
4.05 

692 
1000 

SO 
0.90 
4.15 
1.5 
4.61 

103 
1000 
50 

1.89 
3.79 
1.5 
2.01 

704 
1000 
50 

1.9 
3.77 
1.5 
1.98 

105 
1000 
50 

2.77 
3 . 1 7  
1.5 
I .36 

706 
1000 
50 

5.08 
3.75 
1.5 
0.74 

c2Hq 12.0 12.7 9.0 10.4 8.3 1.6 

12.1 13.9 lE 10.4 8.3 4.6 
0.1 1.2 1.0 0.0 0.0 0.0 - -  

BIX 
Total B.C. 

co 

coz Totel cox 

S B . B 7 . 2 2 4 . 1 =  
21.1 22.7 17.2 16.1 12.4 6.8 

8.0 5.4 6.0 ND 5.1 2.2 
" 1 . 2 2 . 0 1 . 5 1 . 8 Q  
9.7 6.6 8.0 1.5+ 6.9 3.1 

Total 30.8 29.3 25.2 18.W 17.3 9.9 

Methane COncentr-Btlon ( I )  93 94 87 84 83 81 

Methane Partlal Presaure (pal) 46.5 41 43.5 62 41.5 40.5 

Ethylene Concentration (VolX) 1.1 1.1 1.7 1.9 2.3 2.3 
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FIGURE 2. EFFECT OF PRESSURE ON PRODUCT DISTRIBUTION. 
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F I G W  1. Schematic representation of the pyro lys i s  reactor. 
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Figure 4. f e t of e eracure and Pyrolysis Atmosphere on 
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FICURZ 3. EFFECT OF TWEQATURE ON PRODUCT DISTRIBUTION. 
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